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(54) ADAPTIVE WAVEFORM EQUALIZER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce square 
difference between a reference signal and an output 
level by calculating optimum number of taps and tap 
coefficient from the delay of the reflected wave of an 
input signal so as to change a digital filter to the 
optimum number of taps. 

SOLUTION: A delay calculation part 24 calculates the 
delay quantity of the reflected wave of the input signal 
from the input signal inputted to an input terminal 1 1 and 
the reference signal inputted to an input terminal 21. An 
optimum number of taps calculation part 25 calculates 
the optimal number of taps responding to the input 
signal from the delay quantity of the reflected wave of 
the calculated input signal and sends information on the 
optimum number of taps. Thereby a variable digital filter 
part 22 switches the number of the taps of the digital 
filter to the optimum number of taps and a waveform- 
equalized algorithm part 23 calculates the tap coefficient 
of the optimum number of taps and writes the tap 

coefficient in the variable digital filter part 22. Consequently the input signal is waveform- 
equalized by the optimum number of taps to reduce the square difference between the 
reference signal and the output level of the digital filter. 
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. *^b^o^ 1 <nmm<ommizt5Whmmm 
mmt^<r>mmz^\, ^xmmth . m 1 iz& . 11 

^A^-r&A^^f, i2tsaj*^. 221^77^ 

^ y ^ISttC^lg^r^^x -f V9)V7 4 )V9 
23\±^f4'J9iV7 4/l>9m<7)AJim^blil7J 
m^bSM9 yXmb *m^X9 •yXim^X-iiiL^cr, 
9 •y7im.t:' s I& : T 4 is9iV7 4 )V9mzm^ikXsWM 
mtTlVzf 'J XAgS, 2 4 &t -f -f ^SBOA 

^fi^fc«^fi-^i:*^A^fi#^Ri^waM^»ai 

^fi^-ic^t^s®^^ -,xm:'g.\£thmm9 yxm. 
n&uxhz,. 

[0035]»;{:. 01 £#gBLT, i&m<m\<r>9k 

-th. mafcnmmtfm^tzxiim^rfAT}^ 

1 nzx^^tn,. xij^tifzxtsm^ix^m'i 1 

*^SS»tiigP2 4(ci*^ni>„ SffiS£BSP2 4{ct5V% 

x. tcDx^m^^mm^mm^ntiiL. %<r>mm<?> 

m*2 5Ttt, Siii^ 7 7»m, d , 

*z>9-9 yX<r>®M.*c b-thb. MM9 yXW.m 

[0036 ] 
[S4] 
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[ 0 0 3 7 ] * LT . mm? •y7m<Dffim£*S3£7 4 if 
5)V7 <)V9&2 2RX/immtT^zf>JX^2 3lZ 

if?)V7 -f )V?n2 2lZ*t-f&SM? y7WL<F><? y7 

timzmu-rz. znxoiz. &m? v-mcommtzm 

tX. •yy°mz®')Wh~?tz'*m'r ■< if?)V7 4 

)\s7W>2 2lZ&\^xm&mtT)\'3V 3frh<D 

9 v rmtizx ■? wmmitzmm- & z t #t-# h . 

[0038] OT, 02&T/03 £#8SLT, a 1 
v ^TiKBW"l> . 0 2 {±01 (c^-T^-r 4 i>9)V7 ^ )V 

?&e>mM%ffif&<?>-m?:if;-ty'*-y7mx-h&. £ 

12CfcW, 1 1 l4«0WHfc»fc:«i-& A*^ 
3 K±ftii^>yrt)tSLiUg8*^^A^^, 1211 

nja*^ 3 2iists?)^ 77m»i^sa«f ^ 

4 frfX-mfoZtlX^h? 4 if9)V7 A )V9 
3 3\*mm? •y7°$l*:V??X'hh. 
[0039]^:. II 2 £#HLT . 3&»3&»4Bntr * ^ 
^7-f;^g|52 2co»^o^T8iBj-ri > „ A 

tw?i lA^iaa^^r-f : J?)i>7 j >\s?\,znLxj} 
mmt&w.zxft zti. mi izmm? -v vm^is? 9 3 
3izxj)2ti&. — \-nmFf-3 ifre>mm? y7m 
<r>mm*mm? v u?9 3 3izttixxi}Zti 

h. m&9-y7lb.*LV9 9 3 3\&. *0ftj:fca£tf>£ffi 

m-th if < 7 < tu?zmm? y -rm.<mmznm 

LXWOWilZXdlzLtiZtlzX*). *mr4 : J?)V 

[ 0 0 4 0 1 ifc . 03 ir^mtX . 0 1 fc^rT^J^r 
* 4H-;y-SS2 2c7)P$i^BK<7>fl!lcr)^^OV%T 

ifc0JW-£. 03{c*>WC. 1 1 ti^^-ftHtc^tr-SA 
3 K±SiS^>y7l3c»a3ge*^OA*«?, 1 
2iiiB;WF. 4 1 llty/n -y ? LlSWtefttt 
Lftx-f 3 3itmm9 y7^-tU99 

X'foh. 

[0041] <%iz, H3 LT . *»*»4TO^ 4 If 

?jV7 <>\s9®2 2cr>mmz^xwn-?z>. a 

*«BHF 1 l jfr&1«flfcl^3;hfc**W>-T if 9^7 i 
frflzttLAJjm^rfAllZtl. #x >f 4 )V9 

<r>&Jifrt>mm9v7m*\'7?3 3t l zmkZiXh. - 

A7WF3 1 n>hmm? yT-m-crm^ifimm^ yx 

$C-tU79 3 3lzttlXAJjZtlZ>. mM9 'y7*$k*.\s 
9933XH. Zcomm? yTfMzmtX , ^Sttm 
^'^7-f;U^&SiRL, fi® ^ v TfS-fe U9 9 3 3X' 
^W^f 4 if9)V7 < )V9 y^x-th Z t iz X 0 . 

[ o o 4 2 1 . 04 zmmtx , 0 1 c^-rssflL 

aiSP 2 4 <7)l¥*ffl^r^cO-^JtCOl W & .04^ 



tc^v^T. 1 1 (±^^fbs§^-r^A^fi^^A*-r 

S3i^-yriS«ii!^2 5tCtti^-r4ai^SS^. , 5 2»± 

5 3teA*mn<nKttfc<mma.zn&-tz>Mma. 
nm®x$>&. 

[oo43i OT. 04 zmiLx. t^^mmniam 

2 4<r)9miz-o\^xmW-th« ATl^l 
jSfl^fkSC^tf-*A73mWA71$ixS. ZLX. A 
^^F2 1(;«^ft^A^$a^.. ^2^>Oft-f- 

<±04 fc^-r j; 3 . mm%\m 2 a on^gajgp 5 2 

{cA^J^ix. -e^T'^ix^2O£0{I#cDll^»tfi$ix 
ffiSf55 3(CJo^T^-OAS^gP^A*«^R|^ 

[00441 0 5 Sr«BgLT . 0 1 (C^raSE» 
ffi«2 4tf5»PSr«jft^>fl!i<7)«t:ov^r»BJ'^-S. . 0 
5 (cfe ^X . 6 1 JlSJ^fkT^ ^ »J XAgp 2 
^ v r«Hft<0fll«*A*i-4 A**rF, 5 1 Lftt 

J1J*SS^. 6 2<±^ yr^0^b*^*tt5^4i5' yr 

[004 53 jar, 0 5 *#jslt . *^&»* mmM-&& 
?mmtn&*mwz) ? yT-fmnftmzmm 

itT/Uzf »JXA»2 3H^7 T^^^ggS 6 2 C A^J 

LT*»/7-«»£iaB-rs. *LT, ^•f7*««wes» 

3 Kii ^T (2 . * -y r «»03Bft;*36** & V \f -y TcO{»i 

■fc«H«*ftfiRarr 4 k we l , awo A*fi^^ 

[00461 IXhiKB/l Lft i d t , *H*£^Sgt«k^ 
tf. »3P»fK«t:*«-4A*«^i:aeW8#i:fc:J:r>T 
A*fi^KM«<031®5:3?iK-r4S3iSCajgi5i:. A* 
fi^R*f*Oji®tc ioTATlffi^SJa^ ■yrgt^ 

acas-r 4»® ^ y ^scsctBgp t . mm? y -mtv? < if 

9iV7 <)V9*ftr>-*V£rr4 if9)V7 <t)l>9 MM? 

•yT^tmmmcr^v xj»®t*mth ztizx-y 

X. «c^-fbSCjkt1-4A7lft-§-lCOV^Tftii^^ yr 

®.*m^xmzm\L*'<iozttfxzh<r>x\ mmm^ 

(T>m$'^,-h\y^)Vb^f4if9)V7 4)i'^<r>^U^)Vt 

[0047] c ?tw<vm 2 <rm&<mm ) jar. h 6 * 
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&mit&<ommz^xmm-t&. me\t^mm<r>m2 
v-v?mx'h&. meiza^x. 1 mmmmtrnzn 

[0048] 12{±itJ^J^, 22{i^-xTgt$r 

fiii? v :rftfc3SFTfl£Sr»r3&T < V9)\>~7 4 )V9&. 
2 3tt»J3f^ i?9)V7 4)V9U<nX^m^k#>-ftm^r 

T)V1 y XAgp. 2 5 fctA*e-9<ORJ»«^SSS3&» £» A 

*iB*-C* 0 . CLhfciH 1 TO** t<0T"S> £> . 

[004 9] 06 tC*-t*f|B8<om 2 cDHSfcOTE^fcrfc 

tt, SSi:tflSP2 4^^ffl-«i-rtc. ^JE^Si^A^ 
fi^t aews-^k tz i ^xx^m^Dyuit^Mta-t 

[ 0 0 5 0 ] mz. 06 £#BBLT . 2 tfDSI 

A#m^3D/UJtma}gP7 2JcA*)£*U>. D/UJt 
JMi#7 2fc:j31,vC. *<0A:&fi#OD/uJtli<fci£ 

[00 5 1] 
[»5] 

D/U=20-log,«|X./(x-d) I 
[0052] *<9D/UJt<DflNBSr&9? -y:7ffc»aig& 
7 3fci£S. *<0D/UJfc<0flHlh&»6. ^^7 7^[ 
^ ! ^^ -/7^»|±J^7 3-C'fltai^ 0 *ii?-yT&3r 
tii^2 5T'«i, Sa^ yTmSrm. -?:rR3:T\ 
*y?-? yT<7)im*c k-thk. gjg^yXiStmti 

C»6 3 lz£<0W.tt2tL&. 
[00 5 3] 
[&6] 

m= c +T 

[0054] mm? y7W3-m&2 sizte^xwm? ? 
-mtfnmztiwm. ±mts 1 wmmnmmk mm* 
mmzx^xw&mvmtfiztih. *mm<o&Biz& 

xm 3iz5r:L?zi><ok mmx-h h . 

[0055] iiLtcomm^X o iz. *mmMtz Xixli , 
aBBSMbS^Aafi** S^fl^fc (C i oT A^ft^f- 
c7)D/Uit^Ktfi-r&D/UJt*aiSPi:, A?JfI#<7)D 



gf&fc, ^&*-y7m^g^-yTi!t£«iiJ-3-£#j® 
^ •y7^c»aigCi:. «jt?-yTfSc$ri$o»r^7^ i^/U 

7 4 )V9 k . ? -y T^cO^^-ftT/P^ U 

t&ft & £ fc J; -7 ^^kS^OA^m^^Sji^ 
* y 7ittlHl:^3 £ k . asui^g* 

[00561 iwR<D&3<r>mm<r>mm utf. 07 s- 
#srlt. ^m^ms^mm^mmiztsif^mmmm 
mmt^commz^^xsmt^. mni*m&&3 
<7mm(mmizt>w& m^mkmrn^^m^.i^rtr 
uvrmxhh.mnza^x. 1 iim&mussizn 

tvztthwmmm Khs-hxihm-. 1 2{±ai^^ 
=f-. 24Hy-'4 is'?>uy < >u?t$<7)Ajjm^kmmm^ 
kfr^A*m^<r>mtt%i<r>imzm.m-?&mmniiii$. 
2 5\,ix^m^<r>mm^mm^x^m^zmttzm 

vx±i±m i ofitifc k mm* h ox-h h . 

[0057] 07 ^t^^BJi7)m3^IISfi<7)®®(CjD 

Ji. 4 : j?)V7 <)\s?U2 2 <wt*> o izmm&T 

JVXM.&2 3c7)^0fc:S®^ •y7lSt$rfflV.T7 r -f 
[00 58] 07^#MLT, *M^3WI 

t&cv&Biz a nhmmmwmit^mmz^ ^x mm 
■th. t-r. xjjm-i i fr^<Dmzmmtzm-& a 
^m^kx-nwi-2 \ frt><rmmm^k\,zz. y±ie*% 

^2 4^ft^^'•yT^:m^2 5^:ifv^, A^ft-f-co 
ftas^>yra^s:ai-r-i.. iSiEjs^^fbr^rfyxAgp 

8 2t±-eco#M^ vT-mzmtxwi&mtTJi'zrvxA. 

*$att&Zkiz£>). ita'J9)V7 4)V9\Z.m&$h 

9 yym^^lX , -r-f *J9H''?4iV91&& 1 t3®JE 
jS^-fbT^yX^SS8 2i:(cJ:0. «S§^-yTSctc 

[005 9] OT\ 08St/09 5:#BSLT. 07 tc^ 

■^-ajcifcw^tr^d- y xasbs 2 oi¥;SB^««0ij(co 

V^TUiBt^S. 08c7)0iJlc:t>UT. 9 H±S3i^ 

•yra*m^2 5*>/i>c7)A^^. 9 2(i7-'-f H?)V7 
4>V?&8 9 3{iS3i^ y7^«#S: 

g(tT. -fe>^-^ yTco{iaS:»ai-r^-fey^-^-y 
T»aia5, 2 3{iA^«^ttii*^i:-b>^-^ yr 

[00601M:, 08^#BBLT. 08Wfiaj{CtJ(t-5» 

sjc&^-ftr^ rf »j XAgp 8 2 nmmz^ \, ^x mm-t 
h. i-r. giS^ yriic^aia5 2 5A^^iSji^ yrsi: 
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tiff8£A;WF9 1*>£>A7JU *L>9-9j7°%\m 

7] JO 
[006 1] 
[»7] 

c = N-ra 

[00 6 2] ^COi^fclLT^^-bV^-^yT-^fif 
Sc^fit#£^mT/l^yXAa?2 3t;:i*',. 

•fe - 9 y r^fli c icsie LtewmmtTfrtf y x 

A ZikmHtT/HV XAg? 2 3 -C'HS L . -eftfcjiJE 
LTt^-yr^Srx-f v^/U? -f /l^SB8 1 taiTl LT 
y TlS^^L^gC^ff -3 <fc o (c Lfc£ fc (c X 
0 , r-f 4)V9®& 1 tjiUBiSt^fbT^^'J 

xasb 8 2tcj;-5T. ta^7 twtje t Jtaw^ 

[00 6 3] Rid. l39?r#HBLT. 09<7)0lJ^tj{t§ 

xmwtz. m9iz&^x. 9 n±sm9 vTfmm^ 

2 5#>f><9A7JisH i . 9 2lif^'^7^^g?8 1 
^CO&llM?. 1 0 l{iift3S^-yTfS:ffi$gSrSltrfiOT 

m^xmrnzttgytz 9 xim^n^-thmmmt 

TtWJXA&X'hh. 

[00 64] <kiZ. H9£#BgLT. 09OWcfcftl> 

mmmmrntTii- zf y xass 8 2 cnnmz^\ ^x stmt 

h. * -f , A7jSg^9 1 toft®* yXfSdftBge2 5*>£> 
<7>ftiI:y-yXfSrtff8£A7JU ^^ y^^ffigPl 0 
1 KfcvvTTfficD:*; CR8 3 t: i 0 „ ^g=5r? -y r»£ 

mas-rs. f< 5S9JU7 uu?*)? -v-rfteN^ mm9 
7 7«ra, ?s^7 7i^ i t-r-st. *m9vm 

iti<fc*CR8) iz£ *)i£#> e?ti&. 

[0065] 

[8*8] 

1 =N-m 

[00 66] Zcr>£oizLX3&>fc^%9 v~r&l <7>tf 
f8£&JPSKLTA^yXAg|52 3t;:jl§9. ^FS^-yTV) 
SMH=3W!l«fc: 0 iOffi^iS^-r^^^^T^^y XA 

£tiimmtT!i<zr»xj±&2 3xmmt. ztuzmmt 

tz9 vTtfm.iT < ¥9)^7 4 >V9%68 ltaSTJLTft 
m9 y rssttcm L*:?g3r 5 i -5 fc L*: i b fc i 
0. r-f : J9)Vy < >V9®8. 1 fcigjC«IHLT/W:/y 
XAgP8 2tlcJ:o-C, «B*<y:rftfc:J6tfcjB«J$rtt 
JB3Kfc£iifiKi- & £ i: tfX'Z h . 
[0067] JiUKOJ: a *HM01I^ iftfcf, 

\m<^<nx-hW5\.zz. ^xxtim^mm^ntathm 
im&ub. Aiim^cozMmommtzz^xAjjm^ 



<7)^m9 yy^mm-t^BM9 -yrmMta^b . &m 

9-77^Llzm?ZW.liiLti9-v7{&%L$:m^X. 7 lit 

9)1-7 ■< )V9n<r>9 y rm:^m.t hmmmmmtTiv 

zfVXJ»®b. IS»f< =J9)V7 j)l>9 b^WltthZ 
b tizi. -oX , «8^fE»^OA7J«^tea'5r^ y Xi* 

/Pfcx* : J9)V7 4)V9<T>^iV<.)V<r)Z^W^:>h^ 
<th^bifiX'^h. 

[00681 tm9icom4 co9m<DBm} hit. m 1 o 

wmrnt^ommz^ ^xmn-t h . 01 o(i*?6Bjco 

•rxc?-y^iaT'S>s. laiotcfcv^T. 1 ljis^^fb 
^zttthx^m^Kh-thx-hWi-. 7 niD/u 

Jt^mtii^^ 5 5r»Pft-^^Al|-ri.A7Jffi r F, 12li 
ffi7J*?, 2 5(±A73fl^R*t^®M*^A*ft^ 
tcK tfcKaiSr^ «y XiS[S:©aj^--&*ja^ -y 7^®iiJ 
SS. 8llil««f< -< 8 2li«S^ 

•rs j; a iz LfcmmmmmtT^v xas s 2 x-h 

[0069] 7 lzjjk-t¥£WV>& 3 O^J6^^ 

i><oit. meiz^tftwn^nmmvmmiztiVhm 
fobmrniz. iiffi*aigP2 4^ffi-a:-r, D/uitstts 
357 2mxs<&m9 ';7mm.\m7 3 ^tt^ Ltiz bx*> 

4. «£oT. D/Uik»ajgP7 2S^^^ y^ffca[aj 
f^5r^v\ -?-<7)flil<OXo-y^{i, H7tc^-T2ts:f6Hj < 7)^ 

3 ^mmcommx-mm Ltzn^b rnm:mw*n ozb 
iz£-?xm&mtzmjfct&zbtfX'Z&. mz. zti 

[0070] mwLtzx a (.z^m^mmizxti 

BT. ^9^-fbfl^A*<i^i:Smft-^i:tcJ:oTA* 
m#cOD/Uik&«ii5-r-l>D/Uit^ajg|5i: s ATJfl^ 

%&&b. -sm%9 >;7ikfrt,wim9 •7TWL*m#,-t& 
mm9 -y7im.&ub . m.m9 •vx^.^m^xf < : J9 

)V7 4)\,9<D9 -vXW^^thTimmitTlVzf^X^ 
mncDf-i =J9 )l>7 4 )U9 bZmf&ZblzJ:^ 
X , ^»#-(bg|^<7)A7J«-^{cS®^ ^ y r»i 

^ )U9<7)iH^ WOW-m&Mi'hZ <thZ 
bifiX'ZZ,. 
[007 1] 

mwLtzjidizmm.L. w&mtmzm-hx-nm^ 
hx^mmr)mmm<r>mm^mmm-^x'n^,i.. mm 
%\x>mr$.*btz x*m^cr>%Mm<rMm- 1> x-hmmz 
mtfz&mKc9 yxgizmm? •yxwn^mza^xn 
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ymizM L3m*imt ttzztizx*). wm^an^n 
At>m^zmm&? y TWLXimmitznd z t **-e# 

^cOJiJ^K;Ui:^raoZl*i^$r/h$ < L o hm.fx.tz 
[02 ] 01 ^i-nl^r -f 5^*7 ^^gPOllWSr 

[03 ] 0 1 -r ^ frfmcDUMfc 

[04 1 miiz7Fi~mmmxi$comM%ffif£cr>-mz* 

[05 ] 01 K^S®3tai^P^raj£cOft!l<7>0!l£ 

[06 ] *!6BJC0^2CO||iS<7)^ffitt>{t§3gJSE^^ 

3Ht*g?)«j££*-f To v 7 0 
[07 ] *^c0^3cOHJfe^®,(c±>(t^,Jg|i5S^ 

^ft:S^«jssr^-ryu y ? 0 
[ 08 ] 0 7 iz^-tmmmmtT^ v x^ucomm 

^ril£^?:St/D v ? 0 

[09)07 ^^t-3ii£»^br ;p a' u x^m<r>mm 

[01 o] *m%<om4<mmcr>Bmi / z&wz > mmmwi 
mmtz^mmm-^y^m 
[0in ^*^a*5S*^^tgio«^j^^-r7*D 

1 1 A^SS^ 



&m? -yTzmitigii 

t/yn y 9 IzftPl Ltzf 4 : 

?yy°m%.%mu 

D/UJt3ftttS5 



1 2 
1 3 
14 
1 5 

1 6 

2 1 
22 
23 
24 
25 

3 1 
32 
33 

4 1 

5 1 
52 
53 

6 1 

6 2 

7 1 
72 
73 

8 1 
82 

9 1 
92 
93 
1 0 1 
13 1 

132 stars 

133 JP*f§ 



[02] 



1 1 



V 



- - 1 » 



3 1 



I — I 3 3 



3 2 mU*ff>74 s J9*?<>V9 



7 



I 2 

my? 



1 1 



— 2 Z Prae5**i>*ilr7*/I^0 



5 s -f 2>*/V 
74*9 



V9* 



^4*9* 



33 



h 



3 1 
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%f\m L 9-4 6 2 7 5 



[011 



1 1 A*4S^ 



n 



as 
mm® 



2 2 



2 4 



1 2 ttlfciSs^ 



2 3 



2 5 



2 1 AJjiirJP (giWI) 



[04] 



1 1 A*SS^ 



5 2 



5 3 



if. 



24 mmmn 



2 1 Xt)#k=f 



5 1 



[05] 



6 i a*s^p 

^ 



6 2 5 3 [ 



2 4 smntm& 



— i 



7? 
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[06] 



1 1 AJltsT 

I 



2 2 



r 



lL 



7 2 



D/Utt 



7 1 AijiSrF 



7 3 



1 2 




2 3 



2 5 



(07) 



1 1 Ail^r 

I 



> 



8 1 



5^ isi?Jl>?4JU&2$ 



5 ^ 2 ' 



L 



8 2 



x 



2 4 



2 5 



2 1 A*«»^ 



1 2 
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[08] 



r 



8 2 mj&mwit7')vx>jz&& 

2 3 



9 1 A^iarf | 



utht$ 



nmm<t 



9 2 



[09] 



1 0 1 

r 

i 



8 2 m^)mmit7)vzs\jxuu 



r 



9 1 A2?*»tP 

»u*j:y) 



stasis 



-7? 

9 2 



[010] 



1 1 A^iafiP 

6^ 



r 



D/Uit 

gasp 



7 1 AASStF- 



8 1 



1 2 

ma**- 




8 2 



7 3 



2 5 
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[01 1 1 

I 3 t-?>X'<-W?<riU9 




1 4 
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